Two experiments were conducted to evaluate effects of corn dry distiller grains plus condensed solubles (DDGS) supplementation level on performance digestion characteristics of steers grazing native range during the forage growing season. In the performance study, 72 (206 ± 23.6 kg; 2008) and 60 (230 ± 11.3 kg; 2009) English crossbred steer calves were used in a randomized complete block design replicated over 2 yr. The grazing periods lasted 56 and 58 d and started on August 11 and 18 for 2008 and 2009, respectively. Each year, steers were blocked by BW (light, medium, and heavy), stratifi ed by BW within blocks, and randomly assigned to 1 of 4 grazing groups. Each grazing group (6 steers in 2008 and 5 in 2009) was assigned to a DDGS supplementation levels (0, 0.2, 0.4, and 0.6% BW). Grazing group served as the experimental unit with 12 groups per year receiving 1 of 4 treatments for 2 yr (n = 6). In the metabolism study, 16 English crossbred steers (360 ± 28.9 kg) fi tted with ruminal cannulas grazing native range during the summer growing season were used in a completely randomized design to evaluate treatment effects on forage intake and digestion. The experiment was conducted during the fi rst and second weeks of October 2008. Steers were randomly assigned to supplement level (0, 0.2, 0.4, and 0.6% BW; n = 4) and grazed a single native range pasture with supplements offered individually once daily at 0700 h. In the performance study, ADG (0.64, 0.75, 0.80, and 0.86 ± 0.03 kg/d for 0, 0.2, 0.4, and 0.6% BW, respectively) increased linearly (P = 0.01) with increasing DDGS supplementation level. In the metabolism study, forage OM, NDF, CP, and ether extract (EE) intake decreased (P ≤ 0.05) linearly with increasing DDGS supplementation level. Total CP and EE intake increased (P ≤ 0.002) with increasing DDGS supplementation level. Digestibility of OM, NDF, and EE increased (linear; P ≤ 0.008) whereas the soluble CP fraction of forage masticate sample linearly increased (P = 0.01) and slowly degradable CP fraction linearly decreased (P = 0.05) with increasing DDGS supplementation level. Forage in situ masticate DM and NDF disappearance rate decreased (quadratic; P ≤ 0.05) and DDGS in situ DM disappearance rate increased (linear; P = 0.03) with increasing supplementation levels. These results indicate that DDGS supplementation enhanced grazing performance and total-tract digestion of steers grazing native range during the forage growing season.
ABSTRACT:
Two experiments were conducted to evaluate effects of corn dry distiller grains plus condensed solubles (DDGS) supplementation level on performance digestion characteristics of steers grazing native range during the forage growing season. In the performance study, 72 (206 ± 23.6 kg; 2008) and 60 (230 ± 11.3 kg; 2009 ) English crossbred steer calves were used in a randomized complete block design replicated over 2 yr. The grazing periods lasted 56 and 58 d and started on August 11 and 18 for 2008 and 2009, respectively. Each year, steers were blocked by BW (light, medium, and heavy), stratifi ed by BW within blocks, and randomly assigned to 1 of 4 grazing groups. Each grazing group (6 steers in 2008 and 5 in 2009) was assigned to a DDGS supplementation levels (0, 0.2, 0.4, and 0.6% BW). Grazing group served as the experimental unit with 12 groups per year receiving 1 of 4 treatments for 2 yr (n = 6). In the metabolism study, 16 English crossbred steers (360 ± 28.9 kg) fi tted with ruminal cannulas grazing native range during the summer growing season were used in a completely randomized design to evaluate treatment effects on forage intake and digestion. The experiment was conducted during the fi rst and second weeks of October 2008. Steers were randomly assigned to supplement level (0, 0.2, 0.4, and 0.6% BW; n = 4) and grazed a single native range pasture with supplements offered individually once daily at 0700 h. In the performance study, ADG (0.64, 0.75, 0.80, and 0.86 ± 0.03 kg/d for 0, 0.2, 0.4, and 0.6% BW, respectively) increased linearly (P = 0.01) with increasing DDGS supplementation level. In the metabolism study, forage OM, NDF, CP, and ether extract (EE) intake decreased (P ≤ 0.05) linearly with increasing DDGS supplementation level. Total CP and EE intake increased (P ≤ 0.002) with increasing DDGS supplementation level. Digestibility of OM, NDF, and EE increased (linear; P ≤ 0.008) whereas the soluble CP fraction of forage masticate sample linearly increased (P = 0.01) and slowly degradable CP fraction linearly decreased (P = 0.05) with increasing DDGS supplementation level. Forage in situ masticate DM and NDF disappearance rate decreased (quadratic; P ≤ 0.05) and DDGS in situ DM disappearance rate increased (linear; P = 0.03) with increasing supplementation levels. These results indicate that DDGS supplementation enhanced grazing performance and total-tract digestion of steers grazing native range during the forage growing season.
INTRODUCTION
Supplementation of grazing animals has long been used to improve grazing production performance. In fall and winter months, when forage quality is low, provision of nutrients to cattle to compensate for defi ciencies is common (Caton and Dhuyvetter, 1997) . Medium-to high-quality forage is often low in available energy in relation to protein (Pordomingo et al., 1991) . Supplementation of energy rather than protein seems to result in favorable responses in BW gain when consuming medium-to high-quality forage (Brake et al., 1989) . Common sources of supplemental energy vary widely and include cereal grains, readily digestible fi ber sources, and high-quality forages (Caton and Dhuyvetter, 1997) . Corn supplementation decreased forage intake (Chase and Hibberd, 1987; Sanson et al., 1990; Pordomingo et al., 1991) . Starch contained in grains has detrimental effects on fi ber use (Fick et al., 1973; Sanson et al., 1990) .
With increased production of ethanol as a biofuel, availability of cereal grains for livestock production is decreasing (Gottschalk, 2007) . Dry distiller grains plus condensed solubles (DDGS) are by-products of fermented cereal grains from the production of ethanol. These by-products are high in readily digestible fi ber, protein, fat, and phosphorus and low in starch (Klopfenstein et al., 2008) . Therefore, the concern of starch decreasing forage digestibility does not exist in DDGS (Klopfenstein et al., 2008) . It is hypothesized that this product can be used as a supplement for medium-to high-quality forages. However, more information is needed about the optimum level of DDGS supplementation for cattle grazing medium-to highquality forage.
The objective of this study was to evaluate the effect of DDGS supplementation on performance and digestion characteristics of steers grazing native range during the forage growing season in the southern Plains of the United States.
MATERIALS AND METHODS
All procedures were approved by the New Mexico State University Institutional Animal Care and Use Committee.
Performance Study
Animals, Facilities, and Diet. The performance study was replicated in 2 consecutive yr during which steers grazed 56 d during yr 1 (2008) and 58 d during yr 2 (2009). The study was conducted in a pasture located in Dallam County, TX, 64 km east of the Clayton Livestock Research Center in northeastern New Mexico. Sideoats grama (Bouteloua curtipendula) and bluegrama (Bouteloua gracilis) were the major plant species on the study site. Other important forage species in the area included old world bluestem (Andropogum gerardii), galletagrass (Hilaria jamesi), and buffalograss (Buchloe dactyloides). English crossbred steer calves (yr 1 = August 11, 2008, n = 72, and initial BW = 206 ± 23.6 kg; yr 2 = August 20, 2009, n = 60, and initial BW = 231 ± 19.6 kg) were blocked by BW into 3 BW blocks (light, medium, and heavy). Steers were stratifi ed by BW within blocks and randomly assigned to 1 of 4 grazing groups. Each grazing group (6 steers in 2008 and 5 in 2009) was assigned to a DDGS supplementation levels (0, 0.2, 0.4, and 0.6% BW). Grazing group served as the experimental unit with 12 groups per year receiving 1 of 4 treatments for 2 yr (n = 6). The experimental location was divided into 3 equally sized pastures. Each pasture was approximately 25.5 ha total, and all pastures were divided into 4 paddocks (6.4 ha), each with electric fencing to allow rotation of groups of steers within pasture. Grazing groups were rotated within pastures every 2 wk to decrease possible effects of different proportion of plant species or forage quality. Rotating steers every 2 wk allows each group to graze each paddock once. Therefore, there were 3 pastures or blocks and 4 grazing groups per pasture each year. There were 6 experimental units per treatment. Steers were adapted to DDGS for 2 wk in a dry lot, immediately before the beginning of the experiment. One truck load of DDGS was received for the whole experiment, and several samples were taken at different times during unloading. Dry distiller grains with solubles were stored at an enclosed barn with ambient temperature. During the DDGS storage no spoilage was evident. Analyzed composition of DDGS is shown in Table 1 . During adaptation, each steer received sudan hay ad libitum and 100 g/steer of DDGS daily. Once transferred to experiment location, steers were allowed free access to water. Supplemental DDGS was offered in feeders, 1 placed in each paddock according to treatment. Total amount of supplementation per paddock for 7 d was calculated and divided by 3 to determine amount of DDGS to be fed as it was offered 3 times weekly at 0900.
Design and Treatments. The experimental design was a randomized complete block replicated over 2 yr. Treatments consisted of 4 DDGS (ADM Corp., Decatur, IL) supplementation levels: 0% (no supplement), 0.2%, 0.4%, or 0.6% of BW. The total amount of supplement offered was consumed. Therefore, supplement intake was equal to supplement offered. Steers were weighed at the beginning and end of the experimental period to measure BW gain and facilitate calculation of supplement conversion (kg of DDGS as fed · kg of increased BW gain -1 ). In the calculation of steer performance, BW was reduced 4% to adjust for digestive tract fi ll. The amount of DDGS offered was based on initial BW.
Sample forage clippings were taken from the pasture at 3 time intervals, the beginning of the experiment (d 0), d 30, and the end of experiment (d 56) using the rapid assessment method (0.093 m 2 ring; Allison et al., 2007) . Each paddock was divided into three 100-m equally spaced transects (one-third from the beginning, two-thirds at the middle, and three-thirds at the end of the paddock) and 4 sample forage clippings at 12.5 m apart were obtained within each transect. A total of 432 samples was taken from the pasture, 144 samples per interval, and 12 samples per paddock each year. Clippings were dried at 55°C in a forced-air oven. Available standing crop within each block was determined with the use of clippings (Table 2 ). Dried forage clippings were then used as samples for forage analysis. A water sample from the main water source was obtained and was analyzed for mineral composition by a commercial laboratory (SDK Laboratories, Hutchinson, KS; Table 3 ).
Laboratory Analyses. Forage clipping and DDGS samples were analyzed for DM, ash, NDF, CP, and ether extract (EE) to determine nutrient composition ( (Okutani et al., 1989) , specifi c ion electrode method (Edmond, 1969) , and colorimetric (turbidimetric) method (Bertolacini and Barney, 1957) , respectively.
Calculations. Supplement conversion values were calculated as daily supplement intake (kg) divided by the difference in ADG (kg/d) between the specifi c supplemented group and the group receiving no supplement (0% of BW).
Statistical Analysis. Data were analyzed using the Mixed procedure (SAS Inst. Inc., Cary, NC). The model included effects of year, treatment, and treatment × year as fi xed effects and block within year as random effect. Orthogonal contrasts were conducted for linear and quadratic effects of DDGS supplementation level but only linear and quadratic to evaluate effects of DDGS supplementation level on supplement conversion. Grazing group was the experimental unit used to evaluate effects of DDGS supplementation level on all variables.
Metabolism Study
Animals, Facilities, and Diet. Sixteen mixed-breed steers (361 ± 28.4 kg) fi tted with ruminal cannulas were used in a completely randomized design. Experimental treatments were the same as in the performance study. Analyzed nutrient composition of forage masticates and DDGS is shown in Table . Steers were gathered in a holding pen and tied to the pen to be supplemented individually once daily at 0700 h. The holding pen (14.6 by 9.8 m) was built at a corner of the pasture using corral panels and T post. Steers were allowed access to the supplement for 30 min after which uneaten supplement was placed into the rumen through the ruminal cannula.
Collections
Fecal output was estimated with chromic oxide as an undigestible marker. Gelatin capsules containing chromic oxide (8 g) were dosed ruminally twice daily (0700 and 1900 h) on d 6 through 15 of the experimental period. Eight fecal samples from rectal grabs were collected in a 4-d period to represent 1 every 3 h in a 24-h period. Fecal samples were collected from all steers as follows: d 11, 1300 h; d 12, 0100 and 1900 h; d 13, 1600 and 2200 h; d 14, 0700 h; and d 15, 0400 and 1000 h. Fecal samples from each steer were composited within steer for analysis.
Two of the 16 cannulated steers grazing native range were gathered into a holding pen for ruminal evacuation at 0600 h 1 d before the experimental period. Digesta was placed in plastic bags lining 133-L plastic containers. Evacuated steers were allowed to graze native range pasture for 2 h. Then steers were regathered and masticate samples were collected and dried in a forced air oven (55°C) to a constant weight. A masticate sample was used to estimate forage in situ digestibility; the remaining forage was labeled with erbium (Er). The masticate reserved for in situ incubation was ground in a Wiley mill (2-mm screen, Wiley mill model 4; Thomas Scientifi c, Swedesboro, NJ). Five-gram samples of DDGS or forage were weighed and sealed with an impulse sealer into dacron bags (10 by 20 cm, 50 ± 15 μm pore size; Bar Diamond, Parma, ID). On d 12 to 15 of the experimental period, forage and DDGS in situ bags were ruminally incubated within nylon lingerie washing bags (30.5 by 25.4 cm) for 0, 2, 5, 9, 14, 24, 36, 48, and 72 h in all steers. Bags were inserted into the rumen in reverse order. Removal of all bags occurred at 0 h. All bags were rinsed with tap water to remove large particulate matter. A top-loading washing machine in a delicate cycle setting was used to rinse in situ bags. The machine was fi lled with 45 L of cold water, and bags were agitated for 1 min, after which the machine was drained, and bags were spun for 2 min. The procedure was repeated 5 times for all bags. Bags were dried in a forced air oven at 55°C, weighed, and stored at room temperature for analysis of DM, NDF, CP, and purines.
On d 11, Cr-EDTA (200 mL; Uden et al., 1980) was dosed intraruminally at 0700 as a marker of fl uid passage rate. Ruminal fl uid samples were collected at 0 (before dosing), 3, 6, 9, 12, 18, 24, 36 , and 48 h after dosing from all steers. Ruminal fl uid pH was determined immediately after collection and samples were then acidifi ed with 7.2 N H 2 SO 4 at a rate of 1 mL/100mL of rumen fl uid and frozen at -20°C in whirlpak bags (Nasco; Fort Atkinson, WI) for later analysis of Cr, ammonia, and VFA concentration. Also on d 11, Er-labeled native range forage (433 g) and ytterbium (Yb)-labeled DDGS (360.8 g) were intraruminally dosed at 0700 h as a marker of particle passage rate. Ruminal content samples were collected at 0 (before dosing), 3, 6, 9, 12, 18, 24, 36 , and 48 h after dosing. Native range forage (masticates) was labeled with Er as described by Sindt et al. (1993) . Native range forage was allowed to soak in a 150-L container with 25 g of Er and 3.3 L of distilled water/kg of native forage for 12 h at 25°C. Excess marker solution was strained through 4 layers of cheesecloth. Tap water was added to the feed and pH was adjusted to 4.5 with HCl. Feed plus water was allowed to soak for an additional 6-h period and was subsequently rinsed with tap water 4 times. During rinsing, excess tap water was strained through 4 layers of cheesecloth, and labeled forage was dried in a forced air oven at 55°C for 48 h. The same protocol was followed to label DDGS with Yb. At 1900 h on d 15 of the experimental period a 2-kg subsample of ruminal content was obtained (from each steer) and mixed with 1 L of saline solution (0.9% NaCl, wt/vol) for isolation of bacterial cells (Zinn and Owens, 1986) . Ruminal content samples were frozen at -10°C for later bacterial isolation.
Laboratory Analyses. Fecal and rumen content samples were thawed, after which fecal samples were mixed and subsampled (10% of total). Rumen content, fecal, DDGS, and masticate samples were dried in a forcedair oven (50°C) Fenton and Fenton (1979) .
Ruminal bacteria were isolated from a 2-kg sample of rumen contents. Rumen contents were placed and blended in a high-speed food processor at maximum speed for 1 min. The mixture was strained through 4 layers of cheesecloth. The strained liquid was centrifuged at 1000 × g for 20 min at 5°C to remove feed particles and protozoa. Bacteria were separated from supernatant by centrifugation at 20,000 × g for 20 min at 5°C. Isolated bacteria were placed in a forced air oven (50°C) to dry for 1 h and analyzed for DM, ash, CP (as previously described), and purines (Zinn and Owens, 1986) .
Ruminal fl uid samples were thawed and centrifuged at 27,000 × g for 10 min and analyzed for VFA (Goetsch and Galyean, 1983) , NH 3 -N (Broderick and Kang, 1980) , and Cr. Chromium was determined using an air-plusacetylene fl ame using atomic absorption spectroscopy (Uden et al., 1980) . Erbium and Yb were extracted from rumen content samples as described by Hart and Polan (1984) . Marker concentrations were determined by atomic absorption spectrophotometry using a nitrous oxide-plus-acetylene fl ame using atomic absorption. Dry distiller grains with condensed solubles and forage in situ residues were composited by time and steer and analyzed for DM, CP, NDF, and purines.
Calculations. Supplement fecal output was calculated by multiplying supplement intake by supplement DM in situ indigestibility at 48 h. The dilution concentration of Cr daily dose in the feces was used to determine total fecal output. Dose of chromic oxide was 16 g daily and for Cr-EDTA was 200 mL (549.1 mg of Cr) once during the fecal collection period. The Cr-EDTA was dosed on the fi rst day of fecal sample collection (4 d of fecal sampling during the experiment). Therefore, to calculate the daily dosage of Cr, the Cr-EDTA dosage (549.1 mg) was divided by 4 d of fecal collection (equaling to 0.14 g) and then added to the 16 g of chromic oxide dosed (16.14 g). The daily dosage of Cr was 16.14 g, and this value was then used to determine total fecal output. Forage fecal output was calculated by subtracting supplement fecal output from total fecal output. Forage DM intake was calculated by dividing forage DM fecal output by forage in situ DM indigestibility after 48 h. Nutrient intake of forage and supplement were calculated by multiplying the respective intake times the concentration of each nutrient (DM basis). Fecal nutrient output was calculated by multiplying total fecal output times the concentration of each nutrient in the feces on a DM basis. Total nutrient intake was determined by the addition of nutrients in forage estimate intake and DDGS consumed. Fluid dilution rate was determined by the regression of the natural log of rumen fl uid Cr concentrations against time of sampling. Ruminal fl uid volume was calculated by dividing dose by ruminal concentration extrapolated to 0 h. Fluid fl ow rate was calculated by multiplying ruminal fl uid volume by fractional dilution rate and turnover time was calculated by dividing 1 by fractional dilution rate. Forage and supplement particle passage rate were calculated by the regression of the natural log of Yb and Er concentration against time of sampling, respectively.
The Ørskov and McDonald (1979) model {d = a + b [1 -exp(-kd)]}, in which a is the insoluble fraction, b is the slowly degradable fraction, d is the extent of digestion, and kd is the rate of degradation, was used to evaluate in situ CP data. Protein remainders in forage and DDGS in situ bags were adjusted for microbial protein contamination. The CP to purine ratio of ruminally isolated bacteria and purine content of in situ remaining contents was used to calculate microbial protein contribution. The model [r = d × exp(-kd) + u] described by Mertens and Loften (1980) , in which r is the remaining fraction, d is the degradable fraction (% of nutrient), u is the undegradable fraction (% of the nutrient), and kd is the rate of degradation, was used to estimate in situ DM and NDF disappearance rate (%).
The undegradable intake protein (UIP; % of CP) values for forage and DDGS were calculated using an equation adapted from Broderick (1994) : UIP = {[kp/(kd + kp)] × in situ slowly degradable CP fraction} + insoluble CP fraction, in which kp is the particle passage rate and kd is the rate of protein degradation. In situ insoluble CP fraction was calculated by subtracting CP effective digestibility from 100.
Statistical Analysis. Data were analyzed as a completely randomized design with the GLM procedures of SAS. Supplementation level (DDGS) was included as a fi xed effect in the model. Orthogonal contrasts were used to test for linear and quadratic effects of increasing DDGS supplementation level. The mixed procedures of SAS was also used to analyze the ruminal fermentation data (pH, NH 3 -N, and VFA) using a split-plot design. Effects in the model included treatment, time, and treatment × time interaction. Compound symmetry was used as the covariance structure. The repeated effect was collection time and steer within treatment was used as the error term for the split plot. Individual steer was the experimental unit in all analyses.
RESULTS AND DISCUSSION

Performance Study
The effect of supplemental corn DDGS on performance of steers grazing native range is shown in Table 4 . There were no supplementation × year interactions (P > 0.10). Therefore, main effects are reported. Initial BW was not different (P = 0.39) among treatment groups. Final BW increased quadratically (P = 0.001) with increasing DDGS supplementation level.
The quadratic effect in fi nal BW consists of a fairly large increment from the 0 to 0.2% supplementation level. But after the 0.2% level of supplementation, fi nal BW remained constant. Supplemental intake and ADG increased linearly (P = 0.001) with increasing DDGS supplementation level. A similar linear increase in ADG was reported by Morris et al. (2005) , who fed yearling steers grazing Sandhill range DDGS at 0, 0.26, 0.57, 0.77, and 1.03% of BW. Medium-to high-quality forage is often low in available energy in relation to protein (Pordomingo et al., 1991) . Supplementation of DDGS corrected the energy defi ciency as demonstrated by the present data and supported by Morris et al. (2005) . The forage energy gap was bridged most likely by the readily digestible fi ber and fat supplied by DDGS (Morris et al., 2005) . Protein from DDGS probably contributed to correct the defi ciency also. After the energy needs are met, cattle respond to protein supplementation (Bodine et al., 2001) . Therefore, the MP provided by DDGS might have contributed to the increased in ADG observed with increasing DDGS supplementation. The energy defi ciency can also be alleviated by supplementing grains, but the amount of grain that can be supplemented is limited due to the presence of negative associative effects on forage use (Fick et al., 1973; Sanson et al., 1990) . Vanzant et al. (1990) found that low grain supplementation levels (0.37% of BW) did not affect forage intake when CP was not limiting, and therefore addition of grain to diets may increase total DE intake. Similar results with low-quality bluestem hay were found by Brake et al. (1989) . In the present study, ADG was not negatively affected by any of the DDGS supplementation levels.
Average daily gain was greater (P = 0. were numerically greater and NDF was numerically less for 2008 than those of 2009 (Table 2) . Because of the lower forage availability, the number of steers per grazing group was reduced from 6 used during 2008 to 5 during the 2009 grazing period. The lack of treatment × year interaction (P = 0.62) may suggest that DDGS might be a viable supplement for cattle grazing low quality forage (4.2% CP and 73.3% NDF; Table 2 ). In agreement with the present study, supplementation of dry distillers grains has been reported to increased ADG of cattle consuming low quality forage (Morris et al., 2005) .
Supplement conversion (additional BW gain per kilogram of DDGS supplemented) was not affected (P = 0.47) by DDGS supplementation level. Supplement conversion values observed in this experiment are in close agreement with those observed when high-fi ber by-product feeds were supplemented to stocker cattle grazing wheat pasture (Horn and McCollum, 1987) .
Metabolism Study
Effects of supplemental DDGS on forage intake and digestion of beef steers grazing native range during the forage growing season are shown in Table 5 . Forage OM, NDF, CP, and EE intake decreased (P ≤ 0.05) linearly with increasing DDGS supplementation level. However, close examination of the means suggests that the decline occurred at the 0.6% of BW DDGS supplementation level, and the quadratic contrast only tended to be signifi cant (P = 0.11). Also, means were compared with least signifi cant difference technique and with orthogonal contrasts. The comparison with least signifi cant difference indicated that means were smaller (P ≤ 0.04) for the 0.6% treatment than all other treatments and with the orthogonal contrasts that 0% was similar (P ≥ 0.58) to 0.2, and 0.4% and greater (P ≤ 0.04) than 0.6%. Leupp et al. (2009) supplemented DDGS at 0, 0.3, 0.6, 0.9, and 1.2% of BW to steers fed smooth brome hay and reported a linear decrease in hay OM intake with values decreasing 0.47 kg for every 1 kg of DDGS offered. In the present data, forage OM intake values were similar for 0, 0.2, and 0.4% of BW supplementation and decreased 1.05 kg for every 1 kg of DDGS offered when receiving 0.6% of BW supplementation. Similar results were observed by Loy et al. (2007) , supplementing DDGS at 0.4% of BW to heifers fed chopped hay grass. However, supplementation of DDGS did not affect (P = 0.78) total OM intake. On the other hand, increases in total OM intake have been reported with DDGS supplementation to cattle consuming moderate quality hay (Loy et al., 2007; Leupp et al., 2009) . Supplement OM, NDF, CP, and EE intake increased (P = 0.001) as was designed. Total CP and EE intake increased (P ≤ 0.003) linearly with increasing DDGS supplementation level. The increase was a result of the greater CP and EE content of DDGS (Table 1) . Similar results have been reported previously (Donaldson et al., 1991; Corrigan et al., 2009; Leupp et al., 2009) .
Digestibility of OM, NDF, and EE digestibility increased linearly (P ≤ 0.008) with increasing DDGS level. In situ DM disappearance rate reported in Table 6 makes evident that DDGS was more digestible than forage grazed. Leupp et al. (2009) reported a linear increase in diet OM, CP, and NDF digestibility with increasing DDGS supplementation level. However, starch supplementation, in pure form or as that contained within grains, results in decreased fi ber digestibility (Chase and Hibberd, 1987; Sanson et al., 1990; Heldt, 1998; Heldt et al., 1999) . In the present study, a negative effect on digestibility was not expected because DDGS are low in starch. Starch from the grain is used to produce ethanol during processing; therefore, the remaining by-products have only a small to no amount of starch (Stock et al., 2000) . The DDGS used in this study only contained 5.9% starch (Table 1) .
Forage masticate in situ DM and NDF disappearance rate decreased (quadratic; P ≤ 0.05; Table 6 ) with the lowest value at 0.2% of BW supplementation level, and DDGS in situ DM disappearance increased (linear; P = 0.03) with increasing supplementation level. These data disagree with data of studies published previously Loy et al. (2007) and Leupp et al. (2009) . One study reports no effect of DDGS supplementation level on rate of smooth brome hay NDF in situ disappearance (Leupp et al., 2009) . The other study did not compared the effects of DDGS supplementation on hay NDF disappearance rate; however, it is evident that DDGS did not affected hay NDF in situ disappearance rate (4.34, 4.09, and 4.01 ± 0.26%/h for control, daily DDGS supplementation, and DDGS supplemented on alternate days, respectively; Loy et al., 2007) . Forage in situ soluble CP fraction increased linearly (P = 0.01) whereas in situ slowly degradable CP fraction linearly decreased (P = 0.05) with increasing DDGS supplementation level. In a previous study with cattle fed smooth brome hay, DDGS supplementation did not affect soluble or slowly degradable CP fractions (Leupp et al., 2009) . The basis for the inconsistencies in soluble and slowly degradable CP fractions is uncertain. Supplementation level did not affect (P ≥ 0.35) forage in situ CP degradation rate or effective degradability, DDGS in situ CP kinetics, or forage and DDGS UIP content (% of CP).
The effect of DDGS on DM intake, particulate passage rate, ruminal volume, fl uid dilution rate, fl uid fl ow rate, and turnover time is shown in Table 7 . Dry matter intake did not differ (P = 0.24) among experimental groups. Forage and DDGS particle passage rate, ruminal volume, fl uid dilution rate, fl uid fl ow rate, and turnover time were not affected (P ≥ 0.28) by DDGS supplementation level. Because of the improvements observed for total tract digestibility faster particle and passage rates were expected. Leupp et al. (2009) reported a linear decrease of rumen fi ll and a linear increase of fl uid dilution rate with increasing DDGS supplementation level of steers consuming moderate quality forage.
Ruminal pH was not affected (6.6; P = 0.23; Table 8 ) by DDGS supplementation. Ruminal pH values in this study ranged from 6.5 to 6.7, average of 6.6 and were similar to those reported by McCollum et al. (1985) , Funk et al. (1987) , Pordomingo et al. (1991) , and Leupp et al. (2009) . Because the starch in DDGS is removed during ethanol processing, suppression in pH was not expected (Owens et al., 1998) . High starch containing supplements decrease ruminal pH of cattle fed foragebased diets (Chase and Hibberd, 1987) . Low ruminal pH promotes growth of amylolytic bacteria (Klieve et al., 2003) whereas an appropriate environment for normal cellulolytic activity needs to be 6.2 or above (Ørskov and Ryle, 1990) . Also, inclusion of fat in cattle diets has been reported to maintain ruminal pH closer to neutral (Zinn and Plascencia, 1993) . The effects of fats on ruminal pH may be explained, in part, by the direct competition of fatty acid double bonds as hydrogen acceptors (Zinn, 1989) . The DDGS EE content was 12.13% of DM (Table 1) . Therefore, the low starch and high EE contents of DDGS may have contributed to keep ruminal pH at a favorable range for optimal activity of cellulolytic bacteria although it has been reported that fats can depress fi ber digestibility. Fats physically coat feed particles and form a lipid barrier that inhibits the penetration of hydrophilic microbial enzymes, thus decreasing digestibility of several diet ingredients, particularly fi ber (Devendra and Lewis, 1974) . Also, unsaturated fatty acids inhibit the growth of cellulolytic ruminal bacteria (Henderson, 1973) . Recently, it has been reported that biohydrogenation of unsaturated fatty acids is reduced in fats from wheat and barley but not from corn (Mohammed et al., 2010) and also from wheat or barley DDGS but not from corn DDGS (Aldai et al., 2012) .
Ruminal ammonia concentration tended (P = 0.06) to increase linearly with increasing DDGS supplementation level (Table 8 ). The reason for the increased ruminal ammonia concentration seems to be the linear increase of total CP intake with increasing supplementation level observed in the present study (Table 5 ). The ruminal ammonia concentration suggested as necessary for optimal fermentation and bacterial growth is 3.57 mM (Satter and Slyter, 1974) . Therefore, increased ruminal concentration might have contributed to the improvement of total tract digestibility. Ruminal propionate molar proportion tended (P = 0.06) to increase linearly, and acetate to propionate ratio decreased linearly (P = 0.005) with increasing DDGS supplementation level. Shifts in end-products of rumen fermentation have been consistently observed with fat supplementation (Czerkawski et al., 1966; Clapperton and Czerkawski, 1969; Dinius et al., 1974; Zinn, 1988) . These shifts include decreased acetate and methane and increased propionate production. The effects of fats on end-products of rumen fermentation have been attributed to the hydrogen acceptor capacity of double bonds of fatty acids (Zinn, 1989) .
Our fi ndings suggest that supplemental DDGS improved performance of steers grazing native range during the growing season in the southern Plains, and the conversion of supplemental DDGS to BW gain seems highly acceptable. Reasons for the enhanced performance include an increase in caloric intake and in digestibility. Also, DDGS may be supplemented up to 0.4% of BW without negatively affecting forage intake. If stocking rates are increased or forage availability is low, supplementation of DDGS above 0.4% of BW, which decreases forage intake, can be a strategy to compensate for the lower forage intake. Therefore, DDGS are a viable alternative as a supplement for growing cattle grazing native forage during the forage growing season in the southern Plains. 
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